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A Method for Inactivating Pathogens, in Particular 



The present invention relates to a method for 
inactivating pathogens in a biological material by 
incubation with a chemical agent. 

A biological material 1b derived from organisms or 
body liquids or microorganisms. 

Since a biological material may be contaminated 
with pathogens, such as, e.g., infectious molecules or 
microorganisms and viruses, and pyrogens, respectively, 
various methods for inactivating or depleting , 
respectively, pathogens and pyrogens, respectively, 
have already been developed. 

Such methods include physical and/or chemical 
treatments, such as, e.g., diverse filtration methods 
(e.g. nano-, dia- or ultrafiltration), heat treatment, 
treatment with an acid or a base, treatment with a 
detergent and/or an organic solvent as well as 
treatment with UV light or with laser light. Also 
various combinations of such methods for inactivating 
and depleting, respectively, pathogens have been 
suggested in the prior art . 

From EP 0 197 554, e.g., a method of depyrogenizing 
and inactivating viruses in a biological or 
pharmaceutical product is known, which comprises a 
treatment with a virus-inactivating and depyrogenizing 



Viruses, in a Biological Material 
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agent, such as, e.g., an amphiphilic substance and/or a 
solvent, on a solid phase on which the product has been 
adsorbed- After this treatment, the virus- inactivating 
and depyrogenizing agent is separated from the solid 
phase, the adsorbed product is washed and finally 
eluted from the solid phase. 

From EP 0 131 740, the treatment of a piroLiein- 
containing composition in a solution with organic 
solvents, such as di- or trialkyl phosphates, 
optionally in the presence of a detergent 
(solvent /detergent treatment) is known, whereby 
protein- compositions free from lipid-containing viruses 
can be obtained. 

From AT patent 405,151, a heat treatment is known 
wherein to a preparation present in an aqueous solution 
a tenside is admixed at a concentration of at least 1 % 
by weight, prior to heating . 

A further method for reducing or suppressing, 
respectively, undesired activities in biological or 
pharmaceutical products is known from EP 0 083 999. The 
latter is based on an extended contact with a solution 
or suspension of a non- denaturing amphiphile. The 
depyrogenized product is treated with an ion exchanger 
to remove the amphiphile . 

A disadvantage of many of these methods known from 
the prior art is the frequent occurrence of losses of 
activity of the labile proteins, e.g, blood proteins, 
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contained in the compositions to be treated. In 
particular when carrying out a chromatographic 
purification step, inactivation of proteins occurs to a 
relatively large extent. A degradation of. proteins may 
also lead to an activation. Thus it is, e.g., known 
that factor VII is very easily activated during a 
chromatographic purification due to autocatalytic 
processes to factor Vila which factor is undesired 
because it is very labile* 

A further disadvantage consists in the large amount 
of time and apparatus required for many methods, which 
greatly reduces their practicability and thus often 
makeB their use unsuitable on a large- technical scale. 

The present invention is based on the object of 
providing a method of effectively inactivating 
pathogens in biological materials, which method is 
protein-preserving, in particular labile blood 
proteins, which can be transferred easily onto a large- 
technical scale and can be carried out economically. In 
particular, in the method for inactivating pathogens, a 
degradation and a possible activation of proteins 
susceptible thereto is to be largely avoided. 

The afore -mentioned object is achieved in that a 
method is provided for inactivating pathogens, in 
particular, viruses, in a biological material by 
incubation with a chemical agent, wherein the 
incubation is carried out in the presence of an 
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eluotropic salt corresponding to an NaCl concentration 
of at least 200 mmol/1, preferably at least 300 mmol/1. 

Inactivation of pathogens in solution offers some 
advantages over the treatment of an adsorbent. Thus, 
e.g., the practicability of such a method in a 
homogenous, single -phase system is higher, and 
validation of the inactivation step is better possible. 
The better accessibility of pathogens in a relatively 
homogenous phase aleo seeme to increase the efficiency 
of the method step. 

The biological material preferably comprises a 
human protein and in particular is plasma or a plasma 
fraction or is derived from a cell culture* Preferably, 
the biological material comprises a blood factor, such 
as factor XII, XI, VIII , V f von Willebrand factor or 
fibrinogen, in particular a vitamin K-dependent 
protein, such as factor II, factor VII, factor IX, 
factor X, protein C # protein S or protein Z, 
respectively . 

The proteins. may be present as single factors, 
preferably in purified f orm# or in a complex: mixture . 
In a very particularly preferred embodiment, the 
biological material comprises at least one factor of 
the prothrombin complex and, in particular, is a 
prothrombin complex- containing fraction or a factor 
VI I -containing material, e.g. after cryoprecipitat ion 
of plasma, one departs from the corresponding 
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supernatant (cryosupernatant) . 

The preparation according to the invention 
preferably is one having FEIB activity (Factor Eight 
Inhibitor Bypassing Activity), i.e. a preparation which 
is suitable for treating factor VIII inhibitor 
patients . 

The cell-culture-derived material preferably is a 
material comprising recombinant ly prepared blood 
factors, among them factors of intrinsic or extrinsic 
coagulation, of fibrinolysis, of thrombolysis, or the 
inhibitors thereof, in particular vitamin K-dependent 
blood factors. As the cells, the cells commonly used 
for the expression of recombinant proteins are 
suitable, preferably mammalian cells, such as, e.g., 
Vero, CHO or BHK cells. The corresponding proteins may 
be subjected to the method of the invention for 
inactivation of possibly present pathogens either 
directly from the crude cell extract, it may, however, 
also be a pre-purified cell fraction. 

The chemical agent is, e.g., a detergent 
(amphiphile, tenside) , which preferably is contained in 
an amount of at least 1%, more preferred more than 5%, 
most preferred more than 10%; yet also other chemical 
agents may be employed according to the invention, in 
particular those of which a virucidal, bactericidal or 
depyrogenizing effect is already known, or mixtures of 
the most varying chemical agents . 
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The choice is, however, limited by the fact that 
the nativity of the biological material shall not be 
substantially adversely affected. For an economical 
mode of procedure, a chemical is chosen which retains 
more than 50% of the biological activity of the 
material, based on the activity prior to incubation, 
preferably at least 70%, in particular more than 853r. 
Retention of the biological activity means that the 
proteins contained in the biological material are able 
to fulfill the funct ion or the various functions 
naturally ascribed to them. This biological activity 
may be determined and stated depending on the type of 
protein, e.g. by means of a standardized chromogenic 
test or by antigen determination. 

Optionally, the chemical agent is separated after 
incubation. 

By "detergent", generally a synthetic, organic, 
surface-active substance is to be understood. 

Preferably, a non- ionic detergent is used in the 
method according to the invention. Non- ionic tensides, 
such as polyether, in particular alkyi phenol 
polyglycol ether, are i.a. products of ethoxylation of 
fatty acids, fatty acid amides, fatty amines, fatty 
alcohols, amine oxides, fatty acid esters of 
polyalcohols and sugar esters. 

Such a tenside does not act denaturing on the 
proteins and preferably is selected from the group of 
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polysorbate and triton. As the polysorbate , e.g. Tween® 
is used. 

If detergents are used as chemical agents, 
according to a preferred embodiment they are used 
without the addition of other agents, in particular 
without the addition of toxic organic substances or 
solvents, such as, e.g., TNBP . In this manner, a risk 
of contamination is minimized. 

According to the method of the invention, the 
biological material is incubated with a chemical agent . 
Incubation means the contacting of the biological 
material with a solution, suspension or emulsion of a 
chemical agent for a period of time sufficiently long 
for inactivation of pathogens or pyrogenes, 
respectively, possibly present, at a specific 
temperature. Contacting may be simply effected by 
allowing the mixture to stand for a defined period of 
time . 

Incubation is effected according to the present 
invention in the presence of an eluotropic salt. By 
"eluotropic salt" hereinafter the salt in mixture with 
chemical agent or the salt in a complex composition is 
to be understood, with the property of dissolving 
adsorbed substances out of solid or liquid- impregnated, 
also gel -type adsorbents and/or to displace them. 
Preferably, the eluotropic salt is a desorption agent 
as is used in chromatographic methods . The adsorbed 



- 7 - 



10/05/99 TUE 09:57 [TX/RX NO 7560] 



05/10 99 16:02 FAX +43 1 512 98 05 



PAT. ATT. VIENNA 



(g]0() 9 





3 




D 
13 



substance is i.a. sufficiently soluble in the presence 
of the eluotropic salt, i.e. preferably conditions are 
chosen which do not precipitate the biological 
material . 

The type and concentration of the salt or of the 
compos i Lion, respectively, is generally selected 
depending on the adsorbent used. The eluting effect of 
a salt depends, e.g., on the polarity of the solvent, 
i.e. it increases e.g. in the sequence ethanol - 
acetone - methanol - water. The adsorbent may also be a 
solid phase, in particular a matrix suitable for ion 
exchange chromatography. In the composition containing 
the eluotropic salt, also further additives , e.g. 
further salts, may be contained. Preferably, the 
composition is an aqueous composition having a pH 
ranging between 6.0 and 8.0, preferably around 7_ Cl- 
in a preferred embodiment, sodium chloride is used 
as the eluotropic salt, yet also other alkaline or 
alkaline earth salts, among them CaCi 2 , may be used. As 
the eluotropic salts, also so-called chaotropic agents, 
such as, e.g., urea, rhodanides or guanidinium, may be 
employed. The concentration of the sain is at least 
s 200 mmol/1, preferably a 3 00 mniol/1. The upper limit 
for the concentration employed will depend in 
particular on the solubility of the respective salt 
and, for NaCl, is e.g. around 2 mol/1. Chaotropic 
substances, such as, e.g., urea, may be employed 
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optionally even up to a concentration of 8 mol/1. 

incubation of the biological material with the 
chemical agent is effected for a period of time 
sufficiently long to inactivate pathogens possibly 
present, preferably for a period of between 10 min and 
10 h, most preferred between l h and 5 h. The time 
required for the method according to the invention may 
be determined by means of model viruses, such as HIV , 
Sindbis, TBE or hepatitis viruses in a pre-assay. 

Also the choice of temperature has an influence on 
the period of time to be employed. In the method of the 
invention, incubation preferably is carried out at room 
temperature, e.g. in a temperature range of between 15 
and 45 °C, in particular between 2 0 and 3 0 °C 
/ In the method according to the invention, the 
biological material preferably is adsorbed on a solid 
carrier, purified, and incubation is effected 
immediately after elution of the purified material. 
Elution and incubation may be carried out 
consecutively, they may, however, also be effected 
simultaneously . 

According to a further preferred embodiment, 
incubation is effected after a chromatographic 
purification of a biological material, the eluate 
having been still further processed, e.g. by 
centrifugation , filtration, or other physical methods. 

Preferably, the solid carrier is a material 
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suitable for chromatography, in particular a material 
suitable for ion exchange chromatography, hydrophobic 




chromatography, or affinity chromatography. Materials, 
such as Sepharose®, Superdex®, Sephadex®, Spherodex 0 *, 
Toyopearl®, or inorganic materials, such as hydroxy 1. 
apatite, are used. 

As the ion exchanger, anion exchanger materials, 
such as, e.g., DEAE Sephacel®, DEAE - Sephadex® , DEAE- 
Sepharose® CL6B, DEAE -Sepharose® Fast Flow, QAE- 
Sephadex®, Q-sepharose® Fast Flow, Q-Sepharose^ High 
Performance, DEAE -Tr is Acryl , DEAE Spherodex® , Q-Hyper- 
D (obtainable through Sepracor) , DEAE -Toyopearl® , QAE- 
Toyopearl®, Fractogel® EMD-TMAJ? or other Fractogel 
materials may be used. 

As examples of hydrophobic chromatographic 
materials , butyl -Sepharose®, octyl- Sepharose® , phenyl - 
Sepharose®, Fractogel®TSK-Butyl , t -Butyl -HIC Support or 
TSK Gel Butyl Toyopearl® ought to be mentioned. 

The biological material may be directly adsorbed on 
the carrier from a complex mixture and purified, the 
inactivation step may, however, also be preceded or 
followed by further steps of purifying the material, 
further chromatographic purification steps being 
preferred within the scope of the present invention. 

By the method according to the invention, pathogens 
are inactivated- By pathogens, also fragments of, e.g., 
viruses, in particular also the isolated genome or the 
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The pathogens may be lipid-enveloped pathogens, 



such as, e.g., hepatitis B virus, or non-lipid 
enveloped pathogens, such as, e.g., hepatitis A virus. 

At present, virus inactivation methods are called 
effective if after applying the method to a sample of a 
biological material which had been admixed with a high 
dose of a test virus , e.g. HI virus or Sindbis virus as 
a model virus for hepatitis viruses, viruses can no 
longer be detected in the sample, and the virus titer 
thus has been reduced to below the detection limit. 
Detection and quantitation of nucleic acids may, e.g., 
be effected by means of a PCR method as described in AT 
patent 401,062, or by direct titration. 

As a measure for inactivation, the so-called 
reduction factor is known which, after a single 
addition of test virus, is calculated from the decadic 
logarithm of the quotient of initial and final virus 
titers. From European Guideline EG IH/S115/89-EN of 
the Commission of the European Communities, 
furthermore, the so-called total reduction factor is 
known. It is calculated from the sum of the reduction 
factors of individual, subsequent inactivation 
measures > 

Preferably, a further, independent step for 
inactivating or depleting pathogens, respectively, is 
carried out. For this, all methods known from the prior 
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art are usable to minimize the risk of infection. 

In particular, a filtration and/or a heat treatment: 
is effected as a further step for inactivation or 
depletion, respectively. 

as the filtration, preferably a nanof iltration is 
performed. A preferred heat treatment is carried out on 
the solid biological material, e.g. on a lyophilisate 
having a controlled water content, e.g. a water content 
of between 5 and 8%, and at a temperature of between so 
and 80°C, as is described in EP-0 159 311. 

In a preferred embodiment, a 2 -step treatment with 
a detergent as the chemical agent is provided- In doing 
so, a detergent is used in a first step in an amount of 
at least 1%, preferably at least 5%, most preferred at 
least 10%. In a second step, a further detergent is 
used in an amount of at least 10%, preferably at least 
12%, most preferred at least 14%. The detergent used 
may be the same one for both steps,- however, also 
different detergents may be used. Quite generally, the 
risk of a virus infection after administration of a 
corresponding preparation can be greatly reduced or 
eliminated, respectively, by the combination of steps 
for virus inactivation. 

According to the present invention, also a 
chromatographically purified preparation is provided 
which comprises an aut ©dynamically activatable blood 
factor having a portion of activated blood factor of 
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less than 50%, based on the content of activated and 
non-activated blood factor, preferably less than 40%, 
more preferred leas than 30%, still more preferred less 
than 20%, further preferred less than 10%, most 
preferred less than 1%, and a detergent content. 

In particular, the preparation is a prothrombin 
complex containing preparation having a factor Vila 
activity of less than 50%, based on the content of 
activated and non-activated factor VII, preferably less 
than 10%, most preferred less than 1%. The detergent 
content of the preparation according to the invention 
is present in a pharmaceutical ly acceptable amount, 
preferably between 1% and the detection limit of the 
detergent . 

By "autodynamically activatable blood factor", 
according to the present invention a blood factor is to 
be understood which is autocatalytically activatable by 
surface contact or by processes, such as, e.g., 
chromatographic processes. In particular, such a blood 
factor is a blood factor selected from the group of 
factor VII, factor XII, factor XI and pre -kallikrein . 

In a further preferred embodiment, the preparation 
is free from serine protease inhibitors, such as, e.g., 
thrombin inhibitors, or co- factors, such as, e.g., 
heparin. In a special embodiment:, the freedom from such 
substances exists already during a chromatographic 
process . 
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Therefore, the present invention also relates bu 
corresponding preparations obtainable by the method 
according to the invention. 

In the preparation according to the invention, also 
Archer additives may be contained, e.g. substances, 
such as amino acids, which act in a stabilizing manner. 

The present invention shall be explained in more 
detail by way of the following examples without, 
however, being restricted thereto. 

EXAMPLE 1: 

Detergent treatment of activated prothrombin 
complex FEIBA in the presence of TWEEN^-80 

15 mg of DEAE-Sephadex® A-50, from Pharmacia, were 
incubated for 15 min at room temperature with 1 ml of a 
solution of 30 g/1 NaCl in water until swelling. 
Thereafter, the gel was separated from the swelling 
supernatant by centrif ugation . There followed five 
washings of the gel with l ml of buffer each (9 g/1 
Na 2 HP0 4 .2H 2 0, 7 g/1 NaCl, pH 7.0) and two further 
washings with a buffer (7 g/1 Na 3 citrate . 2H 2 O, ' 7 g/1 
NaCl) also by reauspension and centrif ugation . 

3 0 ml of fresh frozen human citrated plasma were 
thawed at 0 to +4°C, and the cryoprecipitate incurred 
was separated by centrif ugation at +2°C. The 
"cryosupernatant" resulting therefrom was incubated 
with the washed DEAE-Sephadex® , FEIBA being generated 
and adsorbed on the gel together with the factors of 
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the prothrombin complex and inert protein. Thereafter, 
coadaorbed inert protein was removed from the DEAE gel 



The buffer-moist gel/protein complex was then 
suspended for 1 h at 26 °C with 1 . 5 ml of a solution of 
15 0 mg/ml TWEEN®~80 and 3 0 mg/ml Nad. By the treatment 
with the solution of high ionic strength/ protein was 
desorbed together with the factors of the prothrombin 
complex and pathogens possibly present. Subsequently, 
the suspension was diluted by adding 6,5 ml of water 
and readsorbed for 1 h at room temperature , the protein 
fraction being readsorbed again, whereas components of 
the inactivated pathogen remained in solution together 
with the detergent. The gel/protein complex was then 
washed five times, each with l ml of a solution of 
7 g/1 NaCl in water so as to be detergent - free . 

For elution, the gel was treated under stirring 
with 0.7 mi of a solution of 30 g/1 NaCl in water. The 
eluate was then dialysed against distilled water, 
frozen, and lyophilized. After reconstitut ion or the 
lyophilisate, the FEIB-activity was determined 
according to AT-B 350 726. 

A preparation of FEIBA prepared in the same manner, 
yet without treatment with a detergent, was used as the 
control . 

The analysis of the preparation obtained exhibited 



by washing with a buffer (9 g/1 Na 2 HPO^ . 2H 2 C, 7 g/1 



NaCl) . 
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a specific activity o£ 3 . 2 U FEIBA/mg protein at a 
protein content of 16.6 mg/ml after reconstitution of 
the lyophilisate and was comparable with the method 
variant without detergent treatment, a specific 
activity of 2.8 U/iug protein being obtained at a 
protein concentration of 16,5 mg/ml. 

EXAMPLE 2 : 

Determent treatment at the desorption of FEIBA with 
extended incubation time 

The prothrombin complex fraction was adsorbed on 
DEAE-Sephadex® analogous to Example l, washed free from 
inert protein, subsequently it was deeorbed with a 
TWEEN^/NaCl solution. However, the protein fraction was 
kept for 2 or 3 hours, respectively, in the desorbed 
state under otherwise equal conditions. Thereafter it 
was worked up to the final product as described in 
Example 1 . 

The analysis of these formulations yielded a 
specific activity of 2.5 U of FEIBA/mg of protein at a 
protein content of 16.6 mg/ml with 2 h of incubation in 
the presence of TWEEN®-80, and a specific activity of 
2.3 U of FEIBA/mg of protein at a protein content of 
17.4 mg/ml with 3 h of incubation with detergent. 

Thus it could be demonstrated that also the 
extended contact time with the detergent was not 
connected with any substantial inactivation of the 
active substance or reduction of yield. 
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EXAMPLE 3: 

Detergent treatment of PEIBA with readsorptibn on a 
different gel 

FEIBA was prepared as described in Example 1. After 
the treatment and desorption with detergent, the 
solution obtained was transferred into a container in 
which 15 mg of DEAE-Sephadex® A-50, from Pharmacia, 
were pre-incubated to swelling in a solution of 30 g/1 
NaCl and subsequently were provided by five washings 
each with 1 ml of a buffer (9 g/1 Na 2 HPO^ ,2H n O, 7 g/l 
NaCI, pH 7.0), and two further washings with a buffer 
(7 g/1 Na 3 citrate.2H 2 0, 7 g/1 NaCI) , each by re- 
suspension and centrifugation. After a 1 h adsorption 
of the diluted protein complex for separating the 
detergent, working up was effected according to the 
process described in Example 1. The thus obtained final 
product had a yield of 95% as compared to a FEIBA 
prepared according to the standard variant, i.e. 
without treatment with detergent, and was of comparable 
specific activity. 

EXAMPLE 4: 

Detergent treatment of activated prothrombin 
complex FEIBA in the presence of TWEEN®-80 at increased 
temperature 

15 mg of DEAE-Sephadex® A- 50, from Pharmacia, were 
incubated for 15 min at room temperature with 1 ml of a 
solution of 30 g/1 NaCI in water until swelling. 
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Thereafter, the gel was separated from the swelling 
supernatant by centrif ugat ion . There followed five 
washings of the gel with l ml of buffer each (9 g/1 
Na 2 HP0 4 .2H a O, 7 g/1 NaCl, pH 7.0) and two further 
washings with a buffer (7 g/1 Na^ citrate . 2H 2 O , 7 g/1 
NaCl) also by resuspension and centrif ugat ion . 

3 0 ml of freah frozen human citrated plasma were 
thawed at 0 bis +4°C, and the cryoprecipitate incurred 
was separated by centrif ugation at +2°C. The "cryo- 
supernatant" resulting therefrom was incubated with the 
washed DEAE-Sephadex^ , FEIBA being generated and ad- 
sorbed on the gel together with the factors of the pro- 
thrombin complex and inert protein. Thereafter, coad- 
sorbed inert protein was removed from the DEAE gel by 
washing with a buffer (9g/l Na 2 HPO^ .2H 2 G, 7 g/1 NaCl) . 

The buffer -moist gel/protein complex was then 
suspended with 1 . 5 ml of a solution of 1 mg/ml TWEEN® - 
8 0 and 3 0 mg/ml NaCl for 1 h at room temperature, the 
protein fraction and non-specif ically adsorbed 
impurities being desorbed. Subsequently, the gel was 
separated by filtration. By further addition of TWEEN 00 - 
80, the protein solution then was. brought to a 
detergent concentration of 150 mg/ml, and subsequently 
was incubated either for 1 h at 26 °C or for l h at 40°c 
with stirring so as to inactivate any pathogens 
possibly present. Thereafter, it was diluted by the 
addition of 6 . 5 ml of water, and a freshly washed 
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prepared DEAE- Sephadex® A-50 gel was readgorbed. Then 
it was washed detergent - free by five washings with 1 ml 
each of a solution of 7 g/1 NaCl in water, and finally 
the preparation was further- worked up as .described in 
example 1 . 

The analysis of both variants of treatment at 26° C 
and at 40*c showed a specific activity of the FEIBA 
preparation comparable to that of a standard variant 
without virus inactivacion. The yields were 75fc of the 
standard variant . 

EXAMPLE 5: 

Detergent treatment of prothrombin complex in the 
presence of TWEEN®-80 (at present considered by 
Applicant to be the best mode of carrying out the 
invention) 

3 0 ml of fresh frozen human citrated plasma were 
thawed at 0 to -*-4 c> C / and the cryoprecipitate incurred 
was separated by cent rif ugation. at +2°C. The "cryo- 
aupernatant " resulting therefrom was admixed with 2 IU 
of heparin/ml. Subsequently, the proteins of the pro- 
thrombin complex were adsorbed with DEAE-Sephadex® A-50 
from Pharmacia, at a concentration of O.b mg/ml. . The 
gel/protein complex was separated from the solution and 
washed each with a buffer 1 (4 g/1 Na 3 citrate . 2H 2 o, 
7 g/1 NaCl, 9 g/1 Na a HPO, . 2H 2 0, 500 IU of heparin/1, pH 
7.5) and subsequently washed with buffer 2 (4 g/1 
Na 3 citrate . 2H 2 O, 7 g/1 NaCl, 500 IU of heparin/1, pH 
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7.5) . 

The washed gel was then suspended for pathogen 
inactivation with 1.5 ml. of a solution containing 
150 mg of TWEEN®-8 0/ml and 3 0 mg of NaCl/ml, for 1 h at 
2 6 °C. By thiB treatment, the protein fraction wae 
deeorbed together with any pathogens or pathogen 
fragments possibly present/ and in the course of 
incubation with the detergent, such pathogens were 
inactivated. Subsequently, it was diluted with 6 ml of 
water aa described in example 1, and the protein 
fraction including the active substance was readsorbed 
to the ion exchange matrix for 1 h at room temperature. 
Then it was washed five times with 1 ml of a buffer 
(4 g/1 Na 3 citrate, 7 g/1 NaCl , 500 IU of heparin/1, pH 
7.5) so as to be detergent-f ree , and eluted with a 
solution of 1 g/1 Na 3 citrate . 2H 2 O, 30 g/1 NaCl, 
1,000 IU of heparin, pH 7.0. To the eluate, 1 IU of 
heparin/ml was admixed. The prothrombin complex- 
containing solution was rebuffered against a buffer 
containing 4 g/1 Na 3 citrate . 2H 2 0 , 8 g/1 NaCl, pH 7.0, 
and lyophilized. In the reconstituted, lyophiliaed 
prothrombin complex the protein content and the content 
of prothrombin complex factors was tested; the results 
can be taken from Table 1. 

A test mixture without TWEEN® treatment was 
prepared as the control. The analysis results can also 
be taken from Table 1. 

- 20 - 



10/05/99 TUE 09:57 [TX/RX NO 7560] 



05/10 99 16:07 FAX +43 1 512 98 05 P AT , ATT . V I ENNA 



1022 



o o 



TABLE 3. 

Comparison of the activities of the prothrombin 
complex factors after carrying out the method according 
to the invention and without that method 



Protein C 


26.5 
27.9 


Factor X 


m * 

m cm 
CN CN 


X 

H 

- ». 

U — 
O -I 
±> B 
u ^ 


21-0 
22.2 


'Factor VII 


CTV O 

m. a 

O 


Prothrombin 
(U/ml) 


22.1 
19.7 


Compos it 

Protein 

(mg/ml) 


14.7 
14.4 


Control 

Preparation 
of invention 
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It has been shown that no substantial change of the 
composition of the prothrombin complex was effected by 
the detergent treatment. 

EXAMPLE 6: 

Detergent treatment of factor VII with TWEEN^-80 as 
compared to virus inactivation of factor VII according 
to a conventional method 

From human citrated plasma, the prothrombin complex 
fraction containing the coagulation factors 
prothrombin, slight portions of factor VII, factor IX 
and factor X were separated as described in example 5 . 
The major portion of coagulation factor VII remaining 
in the supernatant after adsorption on DEAE Sephadex® 
A- 5 0 was then recovered by adsorption on aluminum 
hydroxide. To this end, 10 ml of a 2% aluminum hydrogel 
suspension were admixed per 1 1 supernatant after 
separation of the prothrombin complex and stirred at 
4°C for 30 min. Subsequently, the aluminum 
hydroxide/protein complex was separated by 
centrifugation at 5,000 rpm for 10 min at approximately 
4°C in a Sorvall RC3B rotor H60 0 0A, the supernatant was 
discarded, and the precipitate was suspended with 3.5 % 
of the volume of the prothrombin complex supernatant 
used for adsorption, in a solution of 4 g/1 of 
Na 3 citrate . 2H 2 O and 7 g/1 of NaCl, pH 7.5, and stirred 
for 30 min. By this, inert protein was desorbed from 
the aluminum hydroxide. The factor VII remaining on the 
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aluminum hydroxide was pelletized by renewed 
centrifugation as described above. The supernatant was 
discarded, and the precipitate was further used for 
further processing. For desorption of the protein 
fraction, the aluminum hydroxide/factor VII complex was 
stirred for 3 0 min with 1 % by volume of the 
prothrombin complex supernatant of a 0.3 mol/1 
phosphate buffer, pH 8 . 6 (53.4 g/1 of Na a HP0 4 . 2II 2 O were 
adjusted to pH 8.6 with a solution of 41.1 g/1 
NaH 2 P0 4 H 2 0) used for adsorption and containing l % of 
TWEEN®-80. Subsequently, for pathogen inactivation, 
detergent was added to a final concentration of 15 % of 
TV\fEEN®-80, and then it was stirred for 1 h at 4 0°C. 
Thereafter, the solution was cooled to approximately 
22 <> C and diluted with 9 parts of aqua dest . . The factor 
vn fraction was then readsorbed on 1 g/1 DEAE- 
Sephadex® A- 50 under stirring for 1 h at approximately 
22 °C. Then the gel/protein complex was washed 
detergent -free on the sintered suction filter by 
washing three times, with 100 ml each per liter of 
employed, diluted TWEEN^ solution, with a buffer 
containing 4 g/1 Na 3 citrate , 2H 2 0 and 7 g NaCl/l, pH 
7.5, containing 500 IU of heparin/1. The elution of the 
factor VII fraction was effected by stirring of the ion 
exchanger protein complex and 100 ml/1 of diluted 
TWEEN® solution of a 85 g/1 NaCl containing solution 
for 3 0 min at 22°C. In the eluate, subsequently the 
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factor vii content: was measured by means of a 
chromogenic factor VII test, (Immunochrom Fakior VII :C, 
IMMUNO AG, Vienna, measured against the international 
prothrombin complex standard) , the protein content was 
quantitaced according to the method of Bradford [Anal. 
Biochem. 72:248-254 (1976)] and factor Vila according 
to the method from us 683,682 (measured against the 
international factor Vila standard) . The results can be 
taken from Table 2, 

For a comparison, factor VII was separated from the 
other proteins of the prothrombin complex by adsorption 
on aluminum hydroxide, as described above, and in the 
adsorbed state it was treated according to EP 0 197 554 
with the virus-inactivating agents from EP 0 131 740 
with TWEEN®-80 and tri - (N-butyl ) -phosphate (TNBP) . To 
this end, the alhydrogel protein complex was stirred in 
an aqueous solution of 1% TWEEN^-SO and 0.3% tri- (N- 
butyl) -phosphate for 18 h at 4°C with a volume of 
50 ml/1 prothrombin complex supernatant. Subsequently 
it was centrifuged as described above to separate the 
aluminum hydroxide protein complex, and by washing with 
3 x 100 ml of a solution of 4 g/1 Ma 3 citrate . 2H^ 0 , 
7 g/1 NaCl, pH 7.5, it was freed from an excess of 
TWEEN^-80 and tri - (N-butyl ) -phosphate by resuspending . 
Between each wash, there followed a pelletizing of the 
aluminum hydroxide /protein complex by centrif ugat ion . 
Elution was carried out under the same conditions as in 
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the parallel test mixture according to the method of 
the invention. Likewise, the analyses of the final 
product were carried out analogously. The results can 
be taken from Table 2. 

TABLE 2 

Factor Vila activities after carrying out the method of 
the invention and after carrying out the method 
according to EP 0 197 554. 
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It has been shown that by applying this method, the 



the complex treatment of factor VII no activation could 



invention, the specific activity of the obtained 
product was higher than in the comparative preparation. 
EXAMPLE 7s 

Semiquantitative determination of hepatitis G virus 
In the pathogen inactivation formulations of 
examples 1 to 6, the samples were drawn from each of 
the starting materials, supernatant after 
cryoprecipitation or adsorption supernatant after 
separation of the coagulation factors II, IX and X, as 
well as the correspondingly purified and concentrated 
coagulation factor preparations. 0.5 oil of these 
samples were diluted 1 + 1 with physiological 
phosphate -saline buffer, and viruses possibly present 
were pelietized by ultraeentrif ugation . The RNA was 
extracted from the viral pellets by means of the RNAzol 
reagent method (Biotecx, Houston, Texas) , and dissolved 
in sterile a. dest. . 

RT-PCR for hepatitis G virus (HGV) nucleic acids was 
carried out with the primer pair NS5a 1 and NS5a 2 
(Linnen, J. et al - , Science 271: 505-508 (1996)). The 
sequence of the primer used (obtainable from Boehringer 
Mannheim, Germany) for NS5a 1 was: 



factor Vila content was markedly increased as compared 
to the method according to the invention, yet despite 



be found. Moreover, with the method according to the 
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5 1 CTCTTTGTGGTAGTAGCCGAGAGAT 3', and for NS5a 2: 
5 ' CGAATGAGTCAGAGGACGGGGTAT 3 < . The primers were 
labelled with a fluorescent dye, and the fluorescent 
amp 1 icons resulting therefrom according to the routine 
methods of common PGR protocols were analyzed on an ABI 
3 77 -Sequencer of Applied Biosystems . In order to be 
able to exclude the presence of RT-PCR inhibitors in 
the samples, the samples were spiked with hepatitis C 
virus -RNA mimics and analyzed in a hepatitis C-PCR 
carried out according to EP 0 714 988. Exclusively 
extracts which did not show any inhibition in the HCV- 
PCR were used as evaluatable for HGV-PCR. The intensity 
of the fluorescence was taken as a measure for the 
content of hepatitis G virus. It has been shown that 



starting materials used for fractionation had highly 
positive signals prior to pathogen inactivation 
according to the inventive method, i.e. had a high 
concentration of HGV nucleic acid amplificates, whereas 
in the eluates after readsortpion and separation of the 
virus -inactivating agents, no HGV-RNA could be detected 
any longer. 

In parallel assays without carrying out a detergent 
treatment, the eluates as well as the starting 
materials used were HGV-PCR-positive . 
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